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DEVICE AND METHOD FOR ANALYSIS OP SAMPLES US 
SAMPLE TREATMENT AND SAMPLE CARRIER DEVICE 
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FteM of iavmtioa . _ 

»re specifically 
specimens. Vet more specifically it relates to 
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; devices for extracting molecules. e.g. biomolecules such as peptides, and/or proteins, from a 
. mixture of molecules in a solution and performing sample treatment on the extracted 
molecules before presenting mem to an analysis instrument This analysis instrument may tx 
10 optical (flourescence scanner, microscope) or a mass spectrometer . The mass spectrometry 
used is preferably a laser desoij»tio^ 

desorption/ionization (MALDI), surface enhanced laser|desorption/ionization (SELDI) or ai 
other form of laser desorption/ionization. 
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15 Background 
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The field of chemical and particularly biomolecular analysis is experiencing an increased 
demand for speed, sensitivity and economy. Mass spectrometry is a standard procedure ft 
analysis of biomolecules (proteins, peptides; oligonucleotides) and is most efficient if the 
sample i.e. the biomolecules is presented to the mass spectrometer in pure form, that is 
without any interfering species (e.g. buffeting agents, sails, acids, bases, detergents or 
unwanted biomolecules) present It may also be necessary or desired to perform different 
enzymatic and/or chemical reactions on the sample biomolecules prior to the mass 
spectrometric analysis. The purification or/and affinity rapture or/and enzymatic or/and 
chemical reaction is hence referred to as sample treatment 



Sample treatment of biomolecules are commonly performed either directly on the surface of 
the laser desoiption/ionization plate or in a separate device/container for subsequent transfer 
to the laser desorption/ionizatiori sample carrier plate. The term laser desorption/ionization 

the support used to present the sample to the mass spectrometer. 



The sample biomolecules are often in a very low concentration in the solution and thus it is of 
V great importance to keep the area of surfaces to a liorinm 

adsorption of the biomolecules. One way to avoid unspecific adsorption of the biomolecules 
~z is to transfer them while bound on a medium, such as beads or/and to add the beads directly 
J35 into the solution containing the analyte biomolecules directly after any sample treatment. 
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treatment directly on the surface of the laser 
desorption/ionization plate are that sample and reagents have to be transferred to the surface 
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in a way that may lead to ahaiyto ioas or apreai^& attftcc. Furthermore the surface has 
a limited capacity for fee biomolecules. The manufcctute of these surfaces la often both 
complicated and expensive andafter oneuaetfieyhawtobe disposed. 
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In the ease where an affinity medium on a planai ^surface ia tb capture a target biomolecule 
that is to be aubjeoted to o|»ttcal or MS a^ 

especially troublesome. It ia therefore of great interest to find technology/memodology that 
allows higher capachy ^hihdmg and audysia of the captured biomolecules on a size defined 
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It is evident that any device used for the analysis I of biomolecules with mass spectrometry has 
to be able to rapidly and in parallel handle i nmwite amounts of samples and provide an 
efficient, economic and generic sample treatment process while allowing for a minimum of 
sample transfers. The device has to ftciUtato a M# degree of automation, preferably using 
existing robotics, Fmally the device should be able to present toe processed sample to the 
mass spectrometer in a way mat avoids additional transfers and provides maxinw 

r •••.•* 1 • ' ' •■ ' «" * ■ 

* t » ■ * ■ 

sensitivity. •*. 
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In the case of protein identification with lasdr desoipticm^ohization the most commonly used 
protocol is that the protein is subjected to a separation ; step, such as gel-electrophoresis or 
liquid chromatography. The separated proteins are subjected to enzymatic or chemical 
cleavage before or after the separation, a process that may include several transfers of the 
sample solution, subjected to some form of sample treatment, e.g. purification and 
subsequently ti^feri^ontoa ; 



hi the light of this it is obvious that there is a heed far improvement in the field of devices 
used for sample treatment prior to mass spectrometry. 



Background art 

Purification of peptides, proteins or oligohucelotide mixtures can be performed by passing toe 
sample solution through a pipette tip filled With absorbent material, such as the ZipTip™, a 
registered trademark of Millipore Corporation. The biomolecules absorbed to toe medium in 
toe ZipTip can be eluted directly onto a MALDI target Millipore Corporation is also 
marketing another product called ZipPlate™, which is a 96-well flow-through microtitre-SPE 
plate filled with a 0,3 ul C J8 resin. After purification the sample is eluted to another 96-well 
microtitreplate. : . 
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treatment 

of biomolecuies prior to LDL . ^ .1/V >::... 
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TecanmatketemeT^ _ 
combination of ^ ndcrbplate, and noeole ^tting teohnologie. ^^"T^L 

sampleiecove*wi*W^^^ 

ZTerous MALDI targets. DirectSpot® tecbWogy is especially designed for 96 well 
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MALDI targets. 
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United States patent appUcatton 2002/0182649 Al (assignee Cipergen Biosystems) 
an apparatus and methods for protein charactetiiafion, identification, and sequence 
affinity capture laser desoiption/ibnizatioh tondem mass spectrometry. 
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Affinity capture methods have become known for biospecmc seiecnon oi «™» 
biomolecuies m c^nnectibn with mass spertromettic analysis, see eg., U.S. Pat Nos. 
6,020,208, 6,027^42, or 5,894,063 CT. W. Hutchens and j.-T. Yip). Such biospeexfic affimty 
adsorption processes can be used far purification of biomolecuies. 
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lder for mass 8pectrom< 
including a substrate having a surfece and a film mat coats the surface. 



w»-~- States patent application zouz/uiY^oiy ai msciosw «i — — » — 

chromatography device and an electrospray-Uquid chromatography system. The presented 
eleetrospray device may d~ setveto reproducibiy disWbute and deposit a sample from a 
momerplate£d^ 
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US6124012 to WHATHiAi* INCl 
enhanced recovery and precision. 

• .* • ■ * 

United States patent application 2 
nanoextraction and desorption. 



United States patent US6287872 to BRUKER D ALTOlWlC GMBH discloses sample support 
plates for MALE* mass spectrometry iiwluding metiwds for manufacture of plates and 
application of sample. 



United States patent application ^ 2002/0045270A1 by Schurenberg, Martin et. al., discloses 

- 1 procedures for 
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iplc bolder for mass spectrometer. 



US5859431 to FINNIC AN MAT LTD (QB) discloses a si 
The sample holder for use in mass spectrometry comprises a plate having a flat, which flat 
includes a first region having a smooth surface surrounding a second region having a rougt 
surfece. The second region defin 
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United Statefpatent appUcation 2062/0155620Ai discloses a method and apparatus for 
desorption and ionization of anaiytesi The invention comprises a sample presentation 
apparatus for mass spectrometry. More particularly, a complex is immoblized on the sample 
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United States patent appUcation 2002/0016450A1 (BBI BioSeq, Inc.) discloses a pressure- 



enhanced extraction and purification. 
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United States patent appUcation 20(J2A)0^53iAl:discfo8e8 deposited thin films and their use 
in detection, attachment, and bio-medical applications. Apptications of these thin films 
include desorotion-ionizanoh mass spectroscopy, electrical contacts for organic thin films and 
molecules, optical coupling of tight energy for analysis, biological materials manipulation, 
chromatographic separation, head space adsorbance medium, medium for atomic molecular 
adsorbance or attachment, and substrates for cell attachment 
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WO 00/79238 (PCT/AUOWb0688) discloses ah apparatus and methods for high resolution 
separation and analysis of compounds. : '<; 
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United States patent appUcation 2002/00551 86A1 (Oxford GlycoSciences (UK) Ltd.) presents 
an invention that provides a method and devices for detennining foe presence of proteins of 
interest in a sample. In practice, foe mefood comprises submitting the sample to conditions 
mat allow Augmentation of foe proteins into target peptide fragments. The target peptide 
fragments are then contacted with an array of capture agents, such as antibodies, immobilized 
on a solid support The capture agents recognize a target peptide fragment of a protein of 
interest. Bfoding of a target peptide fragment with ah ahtibody is indicative of foe presence of 
a protein of interest m foe sample. The invention further provides a method for producing an 
array for capturing a target peptide fragment of a protein of interest, which comprises 
immobilizing capture agents on a solid support, wherein each capture agent 
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to protein 



5- V 

. • . i* •■ .*t ••* 

* ; . * • 

•* v « ** - * 

> ■ » - 



•'*. ■*. 
■• • • ■ 



patent apptoaiibh 2001/0055765A1 discloses an apparatus 
parallel iHOcessing of micro^olume liquid reaction*. : 



methods for 
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patent apphca*on2002/0151040Al discloses an apparatus 



parallel processing of microvolume Uquid reactions 
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United States patent application 2002/0160536A1 (Kegoier, rreuj ouwtu^ ^ — ; 
sample holder for analysis of biological samples. The sample holder comprises a substn 
microfabricated to define a multiplicity of microscopic islands defining sample support 
surfaces. At least one sump separates adjacent island surfeces and inhibits transport of 



samples between adjacent island surfeces. 
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United States pWappM^ Randall W) discloses an 

integrated high diroughput system for me mass spectrometry of biomolecules. Described is an 
affinity microcolumn comprising a high surface area material, which has high flow properties 
and a low dead volume, contained within a houshig and having affinity reagents bound to the 

ui ' : - Ait «i. «t«her activated or activatable. The affinity 
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I reagents bound to the surface of foe aflmity microcolunui fi 
25 for foe integration info high throughput analysis of biomolecules. 



affinity receptoi 
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United State* patent apphcation 2()02/0164818Al (Nelson, Randall W) discloses amass 
spectrometnc hhmunoassay analysis of specific proteins and variants present in various 
biological fluids. Presented herein is foe construction of pipette tips (termed MSIA-Tlps) 
containing porous solid supports that are coWtructed, coyalently derivatized with affinity 

• * m I ... — 



ligand, and u 
bv repeatedl: 
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various 



fluids 
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Statespatent application 2001/000861 5A1 (LITTLB, DANIEL P) discloses systems 

and methods for preparing and analysing low volume ahalyte elements. 
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United States patent application 2002/0137199A1 discloses microstorage, reaction and 
detection cells and method and apparatus for use thereof. . ■ 
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(Gyros) discloses 
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United States patent application 2002/01 581$5A1 {Gyros) discloses a microflmdic system. 
The disclosed mveimWrelatesto a method for pi*»nting an analyte of a liquid sample as an 
MS-analyte to a mass spectrometer. More particularly, the method comprises the steps of 
applying a hquid sample staining the analyte to a sample inlet port of a microchannel 
structure of a iricrbfluidto device, said structure also comprising an outlet port (MS-port) thai 
is capable of being internwed with amass spectrometer, passing the analyte to the MS-port 
thereby transforming it to an MS-analyte, and present^ 
spectrometer via the MS-port 
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ion medium, multiple 
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electrosproy nozzle system and^nethod. A nucrofabricated silicon cWp with a separation 
material, such as in situ prepared porous polymer monolims in its microchannels is disclosed. 
Control of me nozzle dimensions, applied ^voltages, and time provide a precise and 
reproducible method of sample apportionment or deposition fiom an array of nozzles, such as 
for die generation of sample plates for molecular weight determinations by matrix-assisted 



actry ("MALDI-TOF MS"). The 



laser desorption/ionization time-of-fligl 
capabiUty of ninsferring analytes ftom a mother plate to daughter plates may also be utilized 
to make other daughter plates for outer types of assays, such as proteomic screening. 



United States patent application 2002/000051oAl discloses a multiple elcctrospray device, 



systems and methods. A miaochip-based dectrospray device, system, 
fabrication thereof are disclosed. The electrospray 
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dof 



an exit orifice on an ejection 



channel between an entrance orifice on an injection surface an 

surface, a nozzle defined by a portion recessedfiom the ejection surface surrounding the exit 
orifice, and an electric field generating source for apphcatibn of an electric potential to the 
substrate to optimize and generate an electrospray. The system is used to transfer analyte onto 
a MALDi target plate. , 
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United States latent 6,464,866 to Moon et aL, discloses an integrated monolithic 
microfabricated electrospray and liquid chromatography system and mi '* 
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United St^P^a^ 

^Zt^^IZbodB of manufacture, me, ^^m^ibtrtot The invention 
features method, of addngdevicb. * having » Mgb-oenrity army of through- 

botes, as well a, ntefood. of cleaning and refurWdung the surfaces of foe P^^« 
invention further features method, of maldngmgtdensity srrays of chermcal, biochemical, 
aim biological compounds, haying many advantage, oyer conventional, loweinlenrity arrayi 
"Still anomer advantage of the invention is that substances mat bind to chemical p 
contained in the forougthble array can eerily be recovered as distinct samples to 
analyris. For example, the bound content. of me wett canbe eluted onto aplanar substrate for 
analyaisby matrix^sted laW desorptira and ionization (MALDl) or surface-enhanced 
laser desorption and ionization (SELDI) mass spectamietry, or nuclear magnetic resonance 
(NMR) spectroscopy. Alternatively, the content, of iflieforough-hole can be electrosprayed 
directly front me fhrough-hole info a mass spixt^eter, The content, of the through-hole can 
also be crysuulised and analysed ^fo x-ray/scm^oh detection or election diffraction 
techniques (e.^, to determine crystal stnictUie). Thte aspect of the invention allows for 
sensitive detection of unlabeuk analytes." ; y 
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United States patent application 2002/01 55509A1 discloses retentate chromatography and 
protein chip arrays with applications in biology. " [0140] In another embodiment, foe 
adsorbent is attached to a first wbstrate to provided solid phase, such as a polymeric or glass 
bead, which is subsequently positioned on a wcond substrate which functions as the mean, 
for presenting the sample to the desorbing energy of foe desorption detector. For example, tin 
second substrate can be in the form a plate having a series of wells at predetermined 
addressable, locations. The wells can fonction as containers for a first substrate derivatized 
with foe arisorbent, c.g, polymeric beads derivatized with foe adsorbent. One advantage of 
this einboomient Is mat foe analyte can ^adsorbed fo foe first substrate in one physical 
context, and transferred fo foe sample piOTtfog substrate for analysis by desorption 
spectrometry." \ 
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WO0138865 discloses an apparatus ^ and method for trapping bead- 
raicroflxridic analysis systans. 
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US6432290 discloses an apparatus and mefood for trapping bead-based reagents << 
microfluidic analysis systems. 

* • ' , * . ' • • • . ;< * 

United States patent application 2002/01 68644A1 (Aebcrsold, Rudolf H) discloses mefood. 

for isolation and labelling of sample molecules, the fovention provides methods for labelling 

a molecule by contacting a sample molecule with a solid support coupled to a chemical group 
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group, one or more flanctional groups, and a reactive group 
«r me sann». n^.^ ui^ conditions »Bow^^^ molecule to covaleotiy bind to 

molecule comprising the one or more fonctional groups, which can be a tag. 

United State* p^ ^^ 
for biochemical assays. 
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United States patent appttcation 2003/003201 3 Al discloses high capacity assay platforms. 

Wghcapacityaswpiatfo^^ ' 
polymer matrix attached to the substrate. The substrate may be a MAUDI plate. 
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potent application 2002/01821 14A1 cuscioses aaewe u« inw«»~ag samples, 
use of the device, and method for producing the device. The invention relates to a device (1 ) 
for processing samples (2), comprising abody (3) with a collecting chamber (4) which can be 
connected wim a pump (5) for aspirating, or dispensing fluids and mat acts on this collecting 
chamber, * separating chamber (6) adjoining the coUecting chamber (4) for the solid phase 
extraction and elution of organic, or inorganic particles (7) separated from these samples (2), 
and an opening (8) for releasing these particles (7). The device in accordance with the 
invention relates to individual pipette tips, as well as to SPE microplates, and is distinguished 
in thai the I device (1) comprises a capillary (9), which is cormected wifo foe collecting 
chamber (4), or wim foe body (8), and has a packing (1 0) for the solid phase extraction of 
organic, or inorganic particles (7) separated from these samples (2) and is used as a separating 
chamber (6). m accordance wifo n , 

chemical-physicai nature of the organic or inorganic particles (7) to be extracted, as well as to 

a defined minimum volume.? 

• * s • ' ' "" ' ' ' ■.*••* 

' ' ■ • *•**.* " * 

United States Patent 5705813 discloses an totegrated tiqmd sample handling system for 
matrix-assisted laser^esorption^onization tmie-of-flight mass spectroscopy (MALDI-TOF 

MBS). 

*■■.•'. ■ . • . 

. . ^ ... 
•*•,. . • • . • • ■ . . ■ ■-:,.*.;* 

Scientific publications 

' Many scientific pubUcatioris have covered different aspects of sample treatment prior toLDI. 

To date none of these pubheations has presorted a generic devte 
' rapid automated and paraUel ban 

way that also aUows for generic sample treato 
• sample transfers and the ability to present foe processed sample to foe mass spectrometer m 

that avoids additional transfers 
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: fluid flow through the plate . VV ' 
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; in a second aspect the presemmv^^ 
IS combined sample treatment and sample carrier devto 
sideconnectedtote^ 
: samplestobettea^andanaly^ 

enabltag fluid flow m^ 
' supplying an extenial container with a sample; 
optionatty/stibjectfag me sampte 

transferring^ u . 

subjectmgthe sample to a second uxatment e^lo^ 

a medium » traced in the device. 
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■•: Rrirfrieamim^ ftf thfe drawings • . , 

: .j ■ Embc^emaofmemvenfionisdisdosedm 

■ aid of the following figures inwhich: 
•"'.SO ! Figure laisaperspe^^ 

' carrier plate according to uie invention; 
;. Figure lb is a cross section view of such a plate; 

Figures ic to. In are views of various shapes of the compartment in a plate; 
Figure 2a is a perspective view of anotoer e^^^ 
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. 55 ! carrier plate according to _ 

. Figures 2b ^to 2i are views of various shapes of potions m channels m toe embodiment of 

F^3aisaperspectiveviewofan«^ OT 
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iment of the combined sample support a 



carrier pWacnordtag to the favemioii; * : . . 

Figures 3b to 3d are various view, of the cnr»D«rnnem fa the embodiment of fig. 2a, 

Figure 4a is aperspiecov* view of another 
carrietpiatoaccordtogtotiw • : i . t _ . . 

Figures 4b to 4d are various views of alternative compartments to the embodiment of fig. 4a. 

RguroSaisapetspeo^ 
carrier plate according to the invention; 



Figure 5b is a side view of two 



tome 



tent of fig. 5a; 



Jments of me structure at outlets of the 
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it detection 



for analysis with the 
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of the combined sample support and 
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Figures 6a to 6w are various views of various 
plate according to me invention; 

Figures ra and 7b are side views of various forms of media applied in compartments; 
Figures 8a to 8d are' various schematic vie*s of methods for applying media and analytes; 
Figures 9a lib 9d are schematic views of sbito-phasepimfication of analytes with the plate 
according to the invention; 
Figures lOato 10* w^ematic views 
plate according to the invention; 
Figure 1 1 a is a perspective view of another end 
carrier plate mating with ano&er plate; 
Figure 1 lb is a side view of the two plates in figurella; / 

Figure 11 is a pcn>pective view of the combined sample support and carrier plate according to 
tiie invention connected to a saniple basin; 
Figure 13 a is a perspective view 

^^^^ ^^^^ 

carrier plate fa which three plates are stacked together; 

Figure 13b is a side view of 'the three plates fa figure 13a; 
; Figure l4aisapaspectiyeyiewofanou^ 

carrier plate according to the invention arranged for electrospray, 
• Figure 14b is a side view of toe compartaem and nozzfa 
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Figures 14c to 1 4e are perspective views of nozzle 
Figure 15a is a perspective view of yet another embodiment of the combined sample support 
and carrier plate according to the invention arranged for eiectrospray; 
Figure 15b to 15d are side views of the various compartment and nozzle arrangements of the 
plate in figure 15a; and 

Figures 15e to 15g are perspective views of nozde 

Description of preferred embodiments 
Introduction 
















The p«fcot invention provides a combined sample support and carrier device. The device 
altowa for sdectivdy retried 

subsequent presentation of the treated Womoieciiles toLDl MS and/or MS" for final analysis. 



. i 
• • 



im WJMW rm and carrier plate has amanow (2-10000) of array positions 

taring a* inlet to a'coinpartment mat can be filled w£ capture medium that gets entrapped 
the compartment Each array position also has an ouflet wim a separate analysis zone where 
the individual samples can be analysed. 
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The capture medium can be of any known type such as iJonMBeiective affinity adsorbents or 
affinity capture/adsoxption medium. The medium can be particles or beads of e.g. silica, glass, 
metal, or polymeric materials. In me case where me medium consists of beads or particles the 
retaining of the memumcan be accomplished by derigning the outlet hole or holes in such a 
way thk the size of an individual particle or bead is bigger man the size of the outlet 
hole/holes. It is also possible to use beads or particles having a size that is less (up to 5 times 
smaller) than that of ^flwoitlet hole/holes and rely oh me ••keystone" effect for retaining the 
medium in the medium compartment of the combined sample treatment and carrier plate. The 
medium may also be supplied to the combined sample treatment and carrier plate by in-chip 
(in-situ) polymerisation of medium e.g. any type of porous polymer monolith. 
Yet another way to transfer the medium into the combined sample treatment and carrier plate 
is to place pieces of capture medium, such as dfr pieces of membranes, Emp^ 
Minneapolis, MN) or similar, in the medium compartments of the combined sample treatment 
and carrier plate.. 



25 ; The 



. « 



i«) mi i) nun 



ows for efficient washing of the captured 
5 transferred to the analysis zone in the 
specificity during the analysis. 
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The methodology where the biomolecules are put in 

, . . ■ * - ...«,. 

sample transfers and as soon as possible after any sa 
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the medium without any 

m ^ r the media are added 

directly into a microtitreplate after a protein digestion or a separation of biomolecules is 
eluted directly onto the medium) of the biomolecules provides a significant advantage since i 
is well know that low concentrations of biomolecules quite quickly becomes 
adsorbed to surfaces (such as surfaces of sample containers). The rapid capture of the 
biomolecules onto the medium ensures that they can be recovered for analysis later rather 
man disappear due to imspecific adsorption. This means mat more of the desired biomolecules 

ied. Furthermore when 




are available for the final analysis, ie. a better analytical result is 
the biomolecules get exposed to the capture medium and biomolecules 



■ 1 



bind to the medium the *n**^on of Womolecule. in solution becomes lower. TWs canl 
used to advantage in situations where the desired blontolefcuies are ccmtuioottsly created by 
another sample treatment process or the desired Woinplecnles are leaking out into the soluti 
overatmietoe, e.g. firomagd-plug. v - 

■ ■ * * • 
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The use of microtabricatioh to realize the combined sample treatment and carrier d 
provides several beneficial aspects. The nihifctturtaed combined sample treatment I 
device reunites small sample and reagent volumes; and allows for a high-density o 
positions. Another taportant aspect is the short path length in the combined sampl 
and carrier device, where the analytes are loaded directly on the media and either i 
the media or on the outlet analysis zone, allowing for minimal unspecific adsorpti 
analytes oh surfeces in the device. This is a significant improvement compared to 

systems such as that presented m WW275776 
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introduced and duted forough a channel having a considerably larger surface area. Although 
the combined senile treatment and carrier device r also can be realized through the use of 
buried chanheis the pre^rred embodiments are those with short path lengths, since devices 
using buried channels ate more complicated and thus also more expensive to manufacture. 

• . . • ... . . 

. • • , • •. 

The basic idea is mat the device can be used in a number of generic applications. The user 
chooses a capture medium or several different (compietoentary) capture medium types, 
depending on the application, to fill the combined sample treatment and carrier plate with. 
The desired biomolecules can be captured on the inedium off-line in an external container, 
e.g. a micrbtitreplate, before loading into separate array positions on the combined sample 
treatment and carrier plated or the medium can be ioaded info the individual array positions 
first and me sample solution containing the desired biomolecules are then passed through the 
medium for capture! Undesired components mat may still be present or bound to foe medium 
are then washed away, leaving the desired I biomolecules on the medium. The desired 
biomolecules are now captured on foe medium where foey can be subjected to additional 
sample treatment steps. These steps can be enzyinatic treatments or/and chemical treatments, 
e.g. made to promote analysis or/and obtain additional mformation about foe captured 
biomolecules or initial analysis of foe biomolecules can be made. After all desired sample 
treatments steps are complex foe biomolecules are eluted, by an eluant fluid that desorbs fo 
biomolecules causing them to solve, onto the analysis zone on the combined sample treatment 
and carrier plate, fhebiomoleeules can now be subjected 



'35 steps on the analysis zone. If no additional samp 



be 
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>le treatment is desired the plate a 
subjected to analysis by LDI MS or foe plate can be stored for later analysis. The combined 
sample treatment and carrier plate is mauufectured in a way that allows it to fit directly into 
foe LDI MS instrument or in such a way that it fife into a substrate that serves as holder, 



allowing insertion of the combined sample treatment aid carrier plate into die LDI MS 

. »..'.■..• ■ ■ 

instrument * 

■ 

• • • 

• • • . • • ■ 
. . • . . . 

Some embodiments of the present invention can also be used for presenting die sample 
biomolecides to an electr os pray MS instrument (ESI)* In these (embodiments one or several 
electrodes are incorporated in the combined sample treatment and sample carrier plate. These 

electrodes are used generate die dc ctr o spia y/nanospray or the can be used to promote analyte 

* ... ™ .... 

transport to or from the medium. 

■ • . . •• i . . 

• • • . - * 

An advantage is that as soon as die desired biomolecules are captured on the medium in the 

• • * - ■ ■ *. 

combined sample treatment and carrier plate, the subsequent steps can be performed at a later 

• * ■ * * * 

tune, i.e., the combined sample treatment and carrier plate can be stowed away until analysis 
is to be performed. 

• . • • • • i .. ■ 

* . * ■ < ■ •. • . . • • 

The elution of the captured biomolecules onto the analysis zone of the combined sample 
treatment and carrier plate can be made with an eluting solution that contains the matrix 
necessary for MALDI or any other component necessary for LDI. This matrix or/and 
component (chemicals, metal powder, semiconductor powder) to enable/promote LDI can 
also be applied to die analysis zone before elution of the captured biomolecules or after the 
elution of the captured biomolecules onto the analysis zone, by e.g. dispensing, spraying, 
vapour deposition, spinning or chemical binding 

* r _ 

* • • t 

The combined sample treatment and carrier plate is easily interfaced to ordinary pipetting 
robots for loading of beads, sample, wash and elution solutions. The sample treatment using 
the combined sample treatment and carrier plate minimises sample transfers and thus also 
unspecific adsorption of the analyte biomolecules on surfeces, e.g. pipette tips, sample 

containers, connective tubing. 

, . • • ■ ■ ■ . • • 

The combined sample treatment and carrier plate filially presents the analyte biomolecules on 
the analysts zone of the combined sample treatment and carrier plate to the LDI MS 
instrument This means that no transfers of the analyte biomolecules to a separate LDI MS 
plate has to be made, avoiding adsorption losses of the analyte and also the need for 

additional steps manually or made by robotics to perform this transfer. 

■* . » 

♦ . 

By placing a second plate of through-hole wells (matching die inlets of the combined sample 
treatment and carrier plate) on top of the combined sample treatment and carrier plate that can 
hold a gel plug excised from a 2-DE separation of proteins, the whole process of in-gel 
digestion, peptide capture (concent^on/purification of the peptides), elution of captured 



10 



peptide, onto the analysis zone of the combined sample treauue* and carrier plate and LDl 
MS analysis canbemade without any sample transfers ortside of me combined sample 
treatment and carrier plate. Le. all me steps after the gel-plug has been put in its well are 
performed in me same single robotic station. . . : •* 

In order to faewtatofcef^ 

onto the analysis zone of the combined sample treatment and Carrier plate, the combined 
sampletreatmentand^ 

zone can be structured in a way that promotes the forming of a small high analyte density 
on the analysis zone. The structuring of the combined sample treatment and carrier plate 
surface can also serve to enable docldng to other plates (eg. a second combined sample 
treatment and carrier olate) or tt can enable loading of larger volumes sample. 
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The use of vacuum applied to the backside (U me side with the analysis zones) to achieve 
fluid transport provides a means to control several important parameters of the LDI sample 
preparation /process. These parameters inciude spot size, the crystal growth and size. 



The size of the combined sample treatment and sample carrier plate can be of any dimension 
but preferably it has the same dimension as the standard target plate of the analysis instrument 
that the combined sample treatment and sample carrier plate is supposed to be analysed with. 

• . • • • • • • . 

Description with reference to the drawing? 

Figure 1 shows an example of the combined sample treatment and sample carrier plate and 
some possible designs of the inlet (101), the medium compartment (105), the outlet (106) and 
the analysis zone (108) 

> ■ * 

• • « . . • . * 

Figure la shows an embodiment of the combined sample treatment and sample carrier plate 
n nm w;« 0 o« dividual arirav oositions (1 10) . Each side (102) and (104) cap ♦ vni ~ ,1tv 




a m sample 



between 4-20 cm and me thickness (103) of the combined sample treatment 
carrier plate (1 00) can typically be between 1 umto2 cm, but preferably between 2<M) jan-4 
nun* ■ , 



! »- 
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Bach array position (1 10) has a defined geometry and this can be of the same type on the 
entire combined sample treatment and sample carrier plate, or the combined sample treatment 
and sample carrier plate can have a multitude of array positions of different shapes. 

■ 

Fig. lb depicts a side view of two array positions in one of the preferred array geometries. 
The inlet 101 can have a side/diameter between 500 nm-2cm, but preferably has a 
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side/diameter between 100-500 urn, and the outlet 106 can typically have i 
nm-2 cm, but preferably has a aide/diameter between 1-50 urn. The analys 
area surrounding the outlet (106). The inlet (101) and outlet (106) defines 
(105), having a volume defined by the geometry. The coinnartment (105) can be loaded witn 
any type of medium having any desired function. 

The inlet (101) and outlet (106) of an array positioh (110) can have any known geometry, e.g. 
square, rectangular, circular, oval, triangular, rhombic, octahedral, etc. The outlet and inlet 
can have the same geometry but it is also possible to have different geometries on the outlet 
and the inlet, eg. a circular inlet and a square outlet The array position (1 10) can also be of 
any type having multiple outlets, see eg. Figs, lc, li, li and lj. 
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The geometry of an amy position (110) can have any known form eg. conical as in Pigs, lc, 
If or cylmdrical as in Fig. Id, or a combination toereof, Fig. lc Figures lg-lj shows some 
examples of square and pyramidal geometries. Figure lk is an example of a triangular 
geometry. Fig. 11 rhombic and Fig. lm a rectangular geometry. 
It is also possible to include structures to the Wet (101) and/or outlet (106) and/or the 
compartment (105). Figure In depicts such a structured design, where bars (109) have been 
included in the inlet (101) to keep large matter from entering the compartment (105) while 
allowing for the medium to fill the compartment (10$). 



Figure 2a depicts another embodiment of the combined sample treatment and sample carrier 
plate (200) having a multitude of individual array positions (210). Each array position (210) 
has an inlet (201) and an outlet (202) that defines a compartment (203). The compartment can 
be filled with medium (204). 



Figure 2b shows a side view of an array position embodiment The array position has an inlet 
(201), an outlet (202) and a compartment (203) that can be filled with medium (204). In 
embodiment the inlet and outlet does not define the volume of the compartment Instead 
compartment extends as a channel in directed in the same plane as the plate (horizontally) in 



comprising the combined sample 



it and sample carrier plate. This allows 



the 

for a compartment of a larger volume as compared to a compartment defined solely by the 
inlet and outlet The outlet is a narrow opening that allows for the retaining of the medium 
(204). The outlet leads out into a structured analysis zone (205). This structuring can serve to 
define the size of the analysis zone. 

2c is another embodiment of the design depicted in Fig. 2b, but here with an array 
position with an inlet (201) and outlet (202) that defines the compartment (203) volume. 



Figure 2o top vie* and Fig. 2e side view show an anay position design that utilises a number 
of waUs (206} that fbnn a giM / 

• • . » 

\ ■ « • 

• * * * • • • 

Figure 2f top view and Fig. 2g side view show'an array position design that utilises a number 
of pillars (207) mat form' a grid to retain the medium. • 



Figure 2h top view and Fig. 2i side vi ew shows an array position design that utilises a heel 
(20S\ that oibvides a restriction allowing for the capture and retention of the medium. 
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The designs in figures 2d-2i have in 



that the compartment (203) 
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by letting the 



extend horizontally in the material comprising the 
combined sample treatment and sample carrier plate. It should also be noted that by moving 
the restriction structure (206, 207, 208) to the rim of me inlet a design like that presented in 
figure 2c, mat has a compartment (203) volume defined by the inlet and outlet, can be 
realized. . 



(300) where each individual array position (3 10) has a very shallow medium capture 
compartment (303). Fig. 3b shows a closer view of two array positions. The volume of the 
cornpartmeht (303) is defined by the inlet (301) and outlet (302). This enables easy and direct 
analysis of anaiytes captured on the medium (304), i.e. : analysis without elution of the 
. caotured anaiytes onto the analysis zone, The compartment (303) can have any depth but in 



the embodiment (300) it is preferred that medium (304) is level with me inlet put) as snov 
in figure 3c and 3d, since the inlet (301) in this embodiment (300) also serves as analysis 
zone. More specifically the medium (304) surfece is the analysis zone (306). It should be 
noted that the surfece surrounding the outiet (302) also could serve as analysis zone (305). 



Figure 4a depicts an alternative embodiment of the combined sample treatment and sample 
carrier plate (400) having a multitude of array positions (410) that has the inlet (401), the 
outlet (402) and the analysis zone (405) on the same side of the combined sample treatment 
and sample carrier plate. Figure 4b shows a design where the compartment (403) volume can 
be expanded by letting the corrrpartment extend as a channel directed in the same plane as tire 
plate (horizontally) in the material comprising the combined sample treatment and sample 
carrier plate. It should also be noted that by moving the restriction structure (404) to the rim 
of the inlet (401) and the rim of the outlet (402) a design like that presented in figure 4c, that 
has a compartment (203) volume defined by the inlet and outlet, can be realized. The 
restriction structure (404) can be of any known type* such as pillars, walls, heel or openings. 



Figure 4d shows a side view of an amy position (410) like that in Fig. 4b and the arrows 



indicate the dircctii 



i no 



gb the compartment (403) 
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Figure 5a depicts yet another alternative embodiment of the combined sample treatment and 
sample carrier plate (500) having a multitude of array positions (510). Figure 5b shows a side 

itions (510), each filled witha different medium (506). The array 
substrate (507) can have any shape and geomelry. The difference here is 

mat me restriction (504) that serves to retain the medium (506) is a thin permeable membrane 

ent (503) and the 
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(504), Any liquid delivered to the inlet (501) passes through the 
membrane (504) mat is permeable i.e. has passages/outlets (502). The at 
the area where the analytes end up after elution from the medium (506). 
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it and sample 



As is shown in Fig. 6, the array positions of the combined sample treat 
carrier plate can have any known type of additional sfructuring on me inlet and/or medium 
compartment and/or outlet (analysis zone) and the area surrounding these. The strocturing can 
serve to allow for different desired properties, e.g. allow loading of larger volumes, higher 
loading capacity of medium, enhance or fiualitate the analysis, or facilitate the creation of a 
small area defined sample spot during the elution of die captured analytes onto the analysis 

zone* ....... 

• -J 

* • 

Fig. 6a shows a side view of anon stractured array position (610) in the plate material (604) 
comprising the combined sample treatment and sample carrier plate with an inlet (601) and an 
outlet (602) that defines a compartment (603). Fig. 6b shows a side view of the resulting 
droplet (606) on the analysis zone (608), surrounding the outlet (602), directly after elution of 
desired analytes from the medium (605). Fig. 6c shows a view of the bottom of the combined 
sample treatment and sample carrier plate, with the outlet (602) and the analysis zone (608). 
Fig. 6d shows a side view of a structured array position (610) in the plate material (604) 
comprising me combined sample treatment and sample carrier plate with an inlet (601) and an 
outlet (602) that defines a compartment (603). The analysis zone is defined by the strocturing 
of a well (616) at the outlet (602). Fig. 6e shows a side view of the confinement of the eluted 
liquid due to the well (616). Fig. 6f shows a view of the bottom of the combined sample 
treatment and sample carrier plate, with the outlet (602) and the well/analysis zone (616). Fig. 
6e shows a side view of another embodiment where the structured analysis zone is a set of 
concentric circular walls (609) surrounding the outlet and Fig. 6h shows the confinement of 
■ the elution liquid. Fig. 6i is a bottom view of Fig. 6g with Ihe circular walls (609). Fig. 6j 
shows another possible s1ro(Jturing in me form of pillars (61 1). Fig. 6k shows how the 
analysis zone can be defined with a chimney like structure (612). Fig. 61 shows the 



conft^of foedu^^^^ 

- ^ a wn «n oh.rhm^a is used to confine the ehmon Ihmid on the analy 
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Figs. 6q-s shows how a pattenmig/struc^ (613. 614) can be used to confine the eluuon 
liquid on the analysis zone. The pattennng/strocturing can be added to the combined sample 
treatment and sample carrier plateby any known meaw and be of any known type, such as 
hyiopbobic (614) and hydrophilic (613) or iianoporous (614) and planar (613). 
This pattenfoig/structuring can of course be appUed to the area surrounding the inlet and the 
outlet as shown in Figs. oW Figure 6v shows a structuring (615) applied to the inlet The 
pattering and structuring can thus be applied to the areas surrounding bom the inlet and outlet 
and/or the inlet, the compartment and/or the outlet in any conciliation, figure 6w, in order to 
facilitate specific attributes of the combined sample treataent and sample carrier plate. 

: ■• • • 

It is also possible to make any of the sides of the device hydrophobic or make the entire 
surface of the device hydrophobic^ 
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As Is shown in Fig. 7, media (705-707) of any known type can be loaded into the 
compartment (703) by any known means, e.g. in-situ polymerisation, beads in slurry or pieces 
ofmediumsuchasF^poredisks~(3M). 

. . . 

• i; 1 

Fig. 7 a shows an example of loading two different medium types into the medium 
compartment (703) of individual array positions on the combined sample treatment and 

, sample carrier plate. The medium can be loaded in the form of a bead suspension (705) that is 
applied to the inlet (701) and a vacuum can be applied under the combined sample treatment 
andsample carrier plate to pack the medium into the medium compartment (703). The 
medium (705) will be retained in me compartment (703) while the solvent (704) used in the 
bead suspension will pass through the outlet (702). Another way of loading the medium is to 
place medium pieces (707) mat fits into the compartment (703). 
Fig. 7 b shows how a single array position on the combined sample treatment and sample 
carrier plate can be filled with medium that has different functions. The different medium 
types can be used to order to obtain desired physical features, e.g. large beads (706) can be 
used to keep small beads (705) to the compartment or to order to allow for specific and 
multidimensional sample treatment steps. 

t # 1 * • " 



Figure 8 shows some different strategies for use of the combined sample treatment and 
sample carrier plate (800). 

to Fig. 8a the medium is first (1 j added to the form of ahead slurry (814) to foe analytes to an 
external container (811), e.g. a microtitreplate by e.g. a pipetting robot (813). The medium 



captures the deriied analytes in the array position of the external container (811) and U 
subsequently transferred (2) to cwrespdiiding array position (810) oh the combined m 
treatment and sample carrier plate (800). The combined sample treatment and sample 
plate is placed in a fixture (812) mat enables loading of the medium and other sample 
treatment processes by e.g. applying a vacuum to the bottom of the combined sample 
treatment and sample carrier plate. 

• • * * i ■ 



* * 



•* In Fig: 8b the medium is first (I) added in the form of a bead slurry (814) to the compartmenl 
of me army positions (810) to me combto^ 

10 by a pipetting robot (81 3). 

The sample solution containing toe desired analytes is then transferred (2) from an external 
container (81 1) to toe corresponding array position (810) on toe combtoed sample treataient 
1 and sample carrier plate (800). The desired analytes are then allowed to bind to the medium 
where additional sample nt^ent i»rocesi^ can be perform 

.15 : onto the analysis zone. 
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• Figure 8 c shows an exiunple of toe elution procedure. A pipetting robot (813) delivers an 
appropriate amount of eiution liquid (804) to toe inlet (801) of an array position (81 0). A 
vacuum applied under toe combined sample treatment and sample carrier plate (800) ensures 
that toe elution liquid is transferred through toe compartment and outlet (802). Thus, toe 
elution liquid displaces toe desired analytes captured on toe medium (803) in toe 
compartment and toe analytes end up on the analysis zone (805). The (-P ) denotes a vacuum 
applied under the combined sample treatment and sample carrier plate. 

As is shown in Fig. 8d, after elution of analytes to toe analysis zone toe combined sample 
treatment and sample carrier plate is tinned up side down so tiun m^ 
V zone (805) feces upwards. The combined sample treatment and sample carrier plate (800) can 
now be inserted directly in a suitable instrument mat allows analysis of toe combined sample 
\ treatment and sample carrier plate, or, if necessary, first be placed in a fixture (815) to be 
30 ; adapted to the instrument. 

• * * * * 

« 

Figure 9 shows simple schematic example of solid-phase purification of analytes with toe 
combined sample treatment and sample carrier plate. The (-P ) denotes a vacuum applied 
under toe combined sacnple treatment and sample carrier plate. 

In figure 9a, first (1) toe sample (904) is delivered Jo toe Met (901) of an array position ^10) 
'•• .* • : by any known method (905). The desired analytes binds to toe medium (903) in the medium 
: compartaient.wlulemostoftoeu^ 



• * * 
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9b show s the second step (2) where wmaJnfalg unde&ed components are washed 
Washing solution (906). 
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Figure id shows an example of diflerent detection principles that can be used tor analysis 01 
captured analyses on me combined sanwle treatment and sample carrier plate. 
Hie analytes in an array position (1010) can be analysed by optical, figure 10a, or laser, figure 
10b (1005), desoiptionrtonkation (1006) While still bound to the medium (1003), ie analysis 
from the inlet (1001), with the outlet (1002) feeing down. ■ 

lie analytes are ehited onto the analysis zone (l(»7)8urrour»ding the outlet 

x n jlyais with the outlet (1002) feeing upwards to the analysis instrument The 

analysis uistrumeht can be optical e.g. fluorescence analysis, figure 10c, or laser as in figure 
lOd (i005) t desorption/ionizati<m (1006). 

• * • 
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As is shown in figure 1 1, in order to facnitate some processes, e.g! ininmuse sample-transfers 
and shnplity automation of the sample treatment protocols, fee combined sample treatment 

- tent plate (11 11) 
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it plate (1 1 1 1 ) can be of any 
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geometry and function, While manufactured to fit on top or under the combined sample 
treatment and sample carrier plate (1100). 

Figure I lb snows an example (side View) of mating an additional sample treatment plate 
(1 11 iy, allowing for in-gel digestion processing, with the combined sample treatment and 
sample carrier plate (1 100). The additional sample treatment plate (1 1 1 1) has an inlet (1112) 
and an outlet (1113) defining a compartment (1 1 14) that can hold a gel-plug (1 1 1 5). The 
outlet (1 1 13) has a size that allows fee retaining of the gel-plug (1 1 15) and selective retention 
of fee liquid in fee compartment (1 1 14), Cg. the liquid only passes through the outlet (1 1 13) 
to fee inlet (1 1 01), the medium (1 103) and/or fee outlet (1 102) of fee combined sample 
treatment and sample carrier plate (1 1 00) when a vacuum is applied under fee combined 
sample treatment and sample carrier plate (1 1 00). In order to improve fee mating of this 
additional sample treatment plate (1 1 1 1) to fee combined sample treatment and sample carrier 
plate (1 100) a structure (1 104), e.g. an O-ring, that facilitates this mating can be included on 
both or either of the plates (i 1 1 1 or 1 1 00). 
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Figure 12 shows an example of how foe cabined sample treatment, and sample owner plat 
(1200) can be utilised for different screening intenogations of a sample. The combined 
sample treatment and sample carrier plate (1200) is placed hi a vacuum fixture (121 3). The 
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itions (12i0) of the combined sample treatment and sample carrier plate 
are filled With different types of media, e.g. the array positions (1210) on the combined 
sample treatment and sample carrier plate (1200) can be filled with 96 different antibodies 
(bound to media). A sample (121 2) is then dispensed into the basin (1 21 1) surrounding the 
combined sample treatment and sample carrier plate (1200) and the sample solution (1 212) is 
after a sufficient incubation time dWaspirated through all the positions. The 96 analysis 
positions are finally analysed individually. This type of screening interrogations of a sample 
can natanuiy be conducted in any format, e.g. with 12 individual basins (121 1) on the 
combined sample treatment and sample carrier plate (1200), each basin (121 1) covering 4x2 
array ^positions. This would allow for 12 individual samples (1212) to be processed, each on 8 
different medium types. 

« . . . • . • 

As is shown in figure 13a, by stacking of several combined sample treatment and sample 
carrier plates (1300) wifo matching array positions (1310) additional sample treatments can be 
performed, either simultaneously by drawing the sample through foe stack of combined 
sample treatment and sample carrier plates (1300) or consecutively by first doing sample 
treatment on one combined sample treatment and sample carrier plate (1300) and then put that 
one on top of another combined sample treatment and sample carrier plate (1300) and 
displace foe analytes to that combined sample treatment and sample carrier plate (1300). Thus 
stacking of combined sample treatment and sample carrier plates (1300) can be performed in 
any^ number or order to facilitate any known sample treatment process. 
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Figure 13b shows ah example of stacking three combined sample treatment and samp 
carriW plates. The two samples (1307, 1308) at foe inlets (1301) can be processed by 
drawmg/aspirating them through the three different medium types, e.g. a hydrophilic 
(1303), a hydrophobic medium (1304) and a strongs^on exchange medium (1305), of the 
stack of the combined sample treatment and sample carrier plates by applying a vacuum to foe 
outlets of foe combined sample treatment and sample carrier plate at foe bottom. The stack is 
then disassembled and each combined sample treatment and sample carrier plate is eluted and 
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analysed separately before collecting the data for each sample. 

Another possible example is that the samples (1 307, 1 308) first are processed on one 
combined sample treatment and sample carrier plate where foe medium (1 303) has a selective 
antibody. This combined sample treatment and sample carrier plate is then placed/stacked 
over a combined sample treatment and sample carrier plate with an IMAC medium (1304) 



T • * 

• •• 



■I. 



onmeD^Cined^ 

the antibody medium (1303) is then removed and the analyte onthelMAC medium (1304) is 
subjectedtoesempletr^^ 

medium (1364) and wen placed over a combined sample treatment and sample earner plate 
with ahydrophobic medium (1305). The resulting analytes on the IMAC medium (1304) are 
eluted and captured on the hydrophobic medium (1305). The analytes are then subjected to a 
sample treatment, e-i washing, and eluted onto the analysis zone surrounding the outlet 
(1302) and this combined sample treatment and sample carrier plate is analysed with LDI MS. 

• * ■ 
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Figure > 14a shows an alternative embodiment of the combined sample treatment and sample 
carrier plate (1400) having multiple array positions (1410). The outlet (1411) is a nozzle that 
allows for generation of an electrospray or nanospray that can be delivered to an ESI MS 

»'■♦.• . * ■ • 

• •••> . . 

instrument 
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Figure 14b shows a side view of one array position (1410) having an inlet (1420) that can 
hold a volume of liquid due to the structuring (1412). The inlet (1420) and the outlet/nozzle 
(1411) define a compartment that can be loaded with medium (1419). The surface of the 
compartment has an electrode (1413) for applying the voltage necessary for 
electtospray/nanospray (1414) generation. The eleclrospray/nanospray (1414) is delivered to 
an ESI MS instrument by aligning the array positions (1410) on the combined sample 
treatment and sample carrier plate (1400) mat is to be addressed to the inlet of the ESI MS 

. . . • 



instrument (1418). 

Figure 14 c-e shows some possible nozzle (1411) embodiments, Fig. 14c a pyramidal nozzle, 
Fig. 14d a cylindrical nozzle and Fig. 14e a conical nozzle. . 



Figure 1 5a shows another alternative embodiment of the combined sample treatment and 
sample carrier plate (1500) having multiple array positions (1510), the outlet (1 502) is a 
nozzle mat also allows for generation of an electrospray or nanospray that can be delivered to 
an ESI MS instrument 

• * . 

Figure 15b shows a side view of an array position (1 510) embodiment The array position has 
an inlet (1501), an outlet (1502) and a compartment (1503) that can be filled with medium. 
In this embodiment the inlet and outlet does not define the volume of the compartment 
Instead the compartment extends horizontally in the material comprising combined sample 
treatment and sample carrier plate. This allows for a compartment of a larger volume, and 



thus higher capacity, as compared to a compartment defined 
soinft through the combined sample treatment and sample ca 



• - * 

Figure 1 5c is another e 
but here with an array 

■ 

compartment volume. 



ihnent of the array position (1510) design depicted in Fig. 15b, 
with an inlet (1501) and outlet (1502) that defines the 
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Figure 15d shows a side view of one array position (1510) having an inlet (1420) that can be 
filled with liquid. Due to the dimensions and geometry it is possible to fill the array position 
with liquid from inlet (1 501) to outlet/nozzle (1 502) by aipittary force. The surface of the 
compartment (1503) has an electrode (1504) for applying the voltage necessary for 
ele«bhospray/nanospray (1505) generation. The electrospray/nanospray (1505) is delivered to 
psi ms instrument bv alicnino the array positions (1 5i 0) on the combined sample treatmen! 
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Figure IS e-g shows some possible nozzle (1502) embo 
Fig. ISf cylindrical nozzle and Fig. 1 5g conical nozzle. 




Example of a use cycle with the combined sample treatment 
solid-phase extraction of peptides 

1 . A defined volume/amount of medium (beads) is added into each well of a 96-well 
microtitreplate containing different sample solutions in each well. 

2. CAPTURE- An appropriate incubation time is allowed for the desired biomolecules to 
bind to the medium passes. 

X 3/ The combined sample treatment and sample parrier plate is placed in its vacuum 
fixture with the inlets facing up and an appropriate vacinun is applied (under the 
combined sample treatment and sample carrier plate) 
4. LOADING-The sample solution containing the medium is aspirated from a well 
position of the 96-well microtitreplate by pipetting and transferred to the 
corresponding position on the combined sample treatment and sample carrier plate. 
The vacuum makes the sample solution pass through the outlet of the addressed 
position, while the medium (with the desired biomolecules captured) becomes trapped 
in the medium compartment of that position. To ensure that all the medium from the 
s position of the 96-well microtitreplate is transferred an additional volume of liquid 
(preferably wash solution) is added to the well, aspirated (together with any remaining 
and transferred to the currently addressed position of the combined sample 

> * 



tre^t and sampled 

- . • 

5 SlSS^ 

' iowwntainfegme^^ . 
the desired Womolecules are left bound to medium. 

^desired contaminations that have ended up on the analysis positions on the side of 
• " the outlets is washed away. 

7 /aUTION-Agamanappr^ (typically lower Aen during 

loading and washing) to each of the positions a defined elution fluid, causing the 
, v: captured biomolecules to let go from the medium, is added. The biomolecules ate now 

transferred to the analysis 2one (around the outtet). 
8 ; • IDI ANALYSIS-The combined sample treatment and sample carrier plate is turned 
{ V upside down (outlets feeing upwards) and placed in a substrate that allows insertion in 
" ? the LDIinstrument The individual positions are 
each position. . 
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Conclusion 

The present invention provides a combined sample treatment and sample earner plate for 
analysis with LDI (laser desorption ionization). The sample treatment and carrier plate is a 
flow-through array device where each individual array position has an inlet hole for loading, a 

. i <™a «m n«ti«i hole or several outlet holes. The compartment 
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chosen in away that ensures 



ehtr 



biomolecules, preferably beads wife 

v t of fe e beads in fee compartment The compartment can also be fitted with fee 

medlumby in-situ polymerisation. The surface surrounding fee outlet hole/holes serves as fee 
sample analysis position. 



... ... 

The inlet hole may also define fee volume of fee compartment for retaining fee medium. The 
inlet may ektend vertically in fee substrate comprising the combined sample treatment and 
sample carrier plate and may be of any geometrical shape or cross-section, e.g. cylindrical, 
square, rhombic, conical or pyramidal. The bottom of this inlet/compartment may have one 
outlet per inlet or several outlets per inlet position. The outlets may also be of any geometrical 
shape.. 



The inlet hole may alternatively lead to a channel, defining the medium compartment, feat 
extends horizontally in the substrate comprising the combined sample treatment and sample 



carter^TO-channdinay be rfany geometrical ahapW ^^T^^ 
eonicaVor pyranridal. The channel contains a restriction (audi as a heel, grid) that retains the 

medium and has an outlet 

The target plate is preferably designed in such a way that it can he adhered to an ordinary LDI 
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accommodates the combined sample treat 
Alternatively the combined sample treatment and sample carrier plate is designed in such a 
can be fed directly into the MS instrument (without any support). 
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way 
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be manufactured by 
tal, or a polymeric mi 
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The present invention also relates to use of the sample treatment and canter device mr m«» 
spectrometric analysis. The analyte that is processed may be abiomolecule (peptide, protein, 
otigbnucelotide) or an organic molecule suitable for MS analysis on the presented sample 
treabnent and carrier plate. 

..... ... • . . . 

• • ■ • » 

The polymeric material may be plated with metal e.g. Au, Ag, Cu, Pt, in order to provide a 
conductive material permitting ionization of the analyte biomolecules. 

The design may be used to trap medium, preferably beads, to allow selective capture of a 
bibmblecule. The trapped medium can be of any know functionality, such as RP, SCX, IEX. 
The captured entity on the medium can also be a biomolecule, such as an antibody, peptide, 
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igular type, 



. * « 
a: 



lity properties. 



... 

The solutions and/or media are delivered to the device by any known means, such as 

piezodisperising, pipetting or any other form of dispensing 

» .. . •■ * • . . • ■ 

The bead/medium, sample solution, wash solution, other solutions (e.g. containing reactants) 
are loaded and drawn through by applying a vacuum to one side of the plate, preferably the 
side with the analysis zone. Alternatively, the solutions are passed through the device by 
applying capillary force or pressure. 

The plate may be mated to a cover plate that allows elution by pressure e.g by insertion of a 
pipette tip into/above the inlet 
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and 



lining the target biomolecules may be passed through the medium 

1 ■ « . * ■ 

sing and subsequent clution onto the sample analysis position fb: 
analysis, preferably with mass spectrometry, preferably LDI MS (MALDI, SELDI, DIOS). 
The sample may be bound to the medium in an external container, such as a mi crotitre plate, 

* ■ 

Eppcadorf tube or similar, and the medium is then transferred to die device for subsequent 

treatment and analysis. 

. ■ ...... 

• " * » * < ■ » 

: ' .. .... 

' ... 

ft • * " 

The sample may be bound by passing die analyte solution through die medium in die 

compartment and subjected to treatment (chemical or enzymatic) before elution onto the 

sample analysis position. Alternatively the ©luted analyte biomolecules is subjected to an 

enzymatic or chemical reaction on the analysis zone/position and then analysed with MS. 

The reagent may be supplied to die position by any means e.g. pipetting, dispensing or 
*».»*«, ' * * 

contact printing. The analyte may be subjected to an enzymatic or chemical sequencing stq 

either while still botand to die medium or on the analysis zone prior to the MS 
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One or more additional plate/plates may be placed above or below for performing sample 
treatment such as digestion of proteins captured oh die medium. Hie additional plate can 



a replicate of the first or the additional plate can be any other design and material. 
Two or several of these plates may be stacked together with different media in each plate and 
the analyte solution is passed through die stacked plates for subsequent analysis of each 
plate (plate 1 IMAC/plate 2 RP, plate -SH/plate 2 RP. . ..) 
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The different compartments on the combined sample treatment and sample carrier plate may 
be filled with media having different capture moieties and a sample solution passed through 
these compartments in order to selectively capture specific biomolecules on the different 
medium. 



The bound analyte may be eluted onto the sample analysis position for analysis 
complementary technique, such as fluorescence or SPR prior to MS analysis. 



to a surface treatment to promote, inhibit or otherwise 



The present device may bt 
alter binding, loading or elution. 

The sample analysis zone may be surface-modified to provide a specific behaviour, such as 
providing a small sample spot, enhanced crystallisation or enabling direct ionisation from the 
surface (DIOS). 

The analysis zone may be defined by adding a structural support 

The analysis zone may be defined by patterning of hydrophobic/hydrophilic layers. 



The analysis zone may be altered in any known means to promote crystallisation of the eluted 
analytes /matrix such as porous silii 



The device may be used for differential expression analysis. E.g. samples from diftera 
conditions are mixed and the resulting analytes or some specific resulting analytes are 
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1 



visible in the MS analysis any known type of isotopic labeling method can be applied* The 
medium used for capture may be of any type (RP, biotin, -SH). 

The analyte bicmolecules while still captured on the medium or after elution onto the 

■ * 

analysis zone of the combined sample treatment and sample carrier plate may be analysed by 

■ * • 

optical means, such as fluorescence scanner, microscopy, scintillation detection or similar. 



The eluted analytes may be analysed by (LDI) MS to deduce M w> perform peptide map 
fingerprinting, or MS/MS in order to establish the sequence and/or die identity and/or die 
quantitative level of the analyte. The analyte is eluted onto the analysis zone and analysed by 
a LDI MS/MS technique, such as MALDI TOF-TOF or MALDI Q-TOF 

The medium is used to capture specifically bodified analyte. E.g IMAC can be used and the 

captured analyte <phosphopeptide/s) is analysed (identified) by MS/MS. 

In another application file phosphopeptide can be subjected to a dephosphoxylation step while 

captured to the medium, or on the analysis zone in order to confirm phosphorylation of that 

peptide. 

The analytes bound to the medium may be subj ected to a chemical reaction to enhance MS 
defection or promote/direct fragmentation of the analyte during MS* analysis either while still 
bound to the medium or on the analysis zone, e,g. conversion of lysine to homoarginine or 
trimetylatioit 



The analytes may be displaced from the medium with a solution that also contains the matrix 
necessary for LDI (eg, DHB,CHCA,FA,SA,THAP,. . .), said matrix crystallising on the 
analysis zone. 

The analytes may be displaced from the medium using only elution solution and the matrix 
necessary for LDI is added to the elution zone (analysis zone) after by any known means such 
as pipetting, dispensing, e-spray. 



The device may be used in a pressure, humidity and/or temperature controlled envir 
to enable loading, elution, biological, chemical or other features. 
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The combined sample treatment and sample carrier plate may be used to collect fractions 
from a separation (e.g. liquid chromatography, isoelectric focusing, capillary 
dectroc hro matography) of biomolecules for subsequent sample treatment of the captured 
biomolcculcs and finally analysis. 



The device may be used to store samples bound to the medium for later analysis. 
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CLAIMS • . 

• A device for combined sample treatment and sanmle carrying, comprising a plate with 
• inlets at one side connected to respective coinpartmeh* situated at ^ve «rray 
positions for receivihg samples to be treated and analysed, characterised in that each 
: compartment is in communication with an outlet enabling fluid flow through the 

■ • ■ . . i 

Lent* 



2i A device according to claim 1, characterUed in that the respective outlet simultaneously 
serves as a restriction for rc*aiiiing a medium. 

3; A device according to claim 1, characterised in that me respective outlet comprises a 
v restriction for retaining a medhnn. . 



i A device according to claim 3, characterised in that the outlet comprises a structure with 

• " » * * * 1 

restriction apertures (106% 

• m 

' ' * *• ' • ' ' ' ' 

5 A device according to claim 3, characterised in that the outlet comprises a permeable 

membrane (504). 



I at the other 



6. A device according to claim 1, characterised in that the outlet is arrange* 
I' : side of the plate opposite the inlet, wherein the respective compartment is formed between 

the inlet and the outlet 

• • * 

7, v A device according to any one of claims 1 to 6, characterised in mat the shape of the 

• ; < ammartment is any one of conical, cylindrical, square, rectangular, triangular, rhombic or 
' pyramidal, or a combination thereof. 

* - • -i ; . 

■ ■•»•* • . ■ ■ 

87. A device according to any one of claims 1 to 5, characterised in that the outlet is 
arranged at the other side of the plate displaced from the inlet, wherein the respective 
: compartment is formed between the inlet and the outlet 



« * 

9. A device according to claim 1 , characterised in that the outlet is arranged at the same 
side of the plate displaced from the inlet, wherein foe respective compartment is formed 

between foe inlet and foe outlet 

■• • • • . 

10. A device according to claim 8 or 9, cliaracteiised in that foe respective compartment is 
formed as a channel directed in the same plane as die plate. 



according to claim 10, characterised in that the respective compartment 
i a restriction for retaining a medium. . 

■ • . ■ . * « 

according to claim 1 1 , characterised in that the restriction comprises a | 
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A device according to claim 12. characterised in that the grid comprises walls (206) 

• • i • 

pillars (207). 

A device according to claim 1 1, characterised in that the restriction comprises a hee 
(208). 
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eyice according to any one of claims 1 to 1 4, characterised in that the respective inl< 
.prises a structure, such as bars (109), for hindering matter to enter the compartment 



A device according to any one of claims 1 to 1 5 , characterised in mat an analysis w .» 
arranged at each outlet 

V 

• ■ * I * 

■ 1 

A device according to claim 16, characterised in that the analysis zone is structured to 
achieve a well defined analysis area. 

• . i * * • 

• • * ■ • 

■ A device according to claim 17, characterised in mat the analysis zone structure 

comprises a well (616), circular walls (609), pillars (61 1), a chhnney-like structure (612), 
a trench (617) or a combination thereof. 



device according to claim 17, character^ 

.... . 

comprises a patterned structure, such as a hy 

(613), or a hanoporous surface (614) or a planar surface (613) or a combination thereof. 

: *• ' ■ 

20. A device according to any one of claims 1 to 19, characterised in that a structured zone 

(615) is arranged at each inlet. 

■ • ■'• . 

' • • 

21 1 A device according to claim 20, characterised in that the structured zone comprises a 
: well, circular walls (615), pillars, a chimney-like structure, a trench or a combination 
thereof 

■ • 

22. A device according to claim 20, characterised in that the structured zone comprises a 
patterned structure, such as a hydrophflic layer (614) or a hydrophobic layer (613), or a 



■ • 

> nanopwtout surface (614) or a planar surface (613)or acombi 



thereof 
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23. A device according to any one of claims 1 to 19, characterised in that one or both of the 

* • ' 

sides of the device is made hydrophobic. 

■.■ ■ • 

• # ■ * • 

24 A device according to any one of the preceding claims, characterised in that the device is 

connectable to a suction fixture (812). .. 
' ■ ' ' : ' . • ■ ' ' " ■ * ■ . ■ * 

25. A device according to any one of the preceding claims, characterised in that the device is 
staclcable to be connectable to a further device. 

• • • . 

26. A device according to claim 25, characterised in mat the device comprises a matmg 
• means, such as O-ring means arranged to seal around repetitive outlets and inlets. 
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275a device according to any one of the preceding claims, characterised in thai the device is 

arranged to generate electrospray. 

••....* 

*■*..' , , 

• * • « 

28 A device according to claim 27, characterised in that the device comprises a nozzle 
(1411, 1502) at each owlet, and an electrode (1413, 1504) at each compartment. 

29; A device according to claim 28, characterised in that the nozzle is in the form of a 
pyramidal nozzle, a cylindrical nozzle or a conical nozzle. 

30 A device according to any one of the preceding claims, characterised in that die device is 
manufactured of a polymeric material. 



31. a device according to any one of the preceding claims, characterised in that the device is 

* • • * 

' manufactured by a mi cro f abri cation technique* 

■ • 

■ 

* • 

32. A device according to claim 30 or 31, characterised in that the device is plated with 
d, such as An, Ag, Cu or Pt 



33. A method for analysis of samples using a combined sample treatment and sample carrier 
device comprising a plate with inlets at one side connected to respective compartments 
situated at respective array positions for receiving samples to be treated and analysed, 
each compartment being in communication with an outlet enabling fluid flow through the 
compartment comprising me steps of: 
supplying an external container with a sample; 



optionally, subjecting the sample to a first treatment in the external container; 
transferring the sample to the combined sample treatment and sample carrier device; 
subjecting die sample to a second treatment exploiting fluid flow through the device, 
wherein a medium is trapped in the device. 



34. A method according to claim 33, characterised in that die sample comprises an analyte 
. and a medium, wherein the first treatment comprises capture of substances in die analyte 
to the medium. 



35. A method according to claim 33, characterised in that the sample comprises an analyte 

.. and die combined sample treatment and sample carrier device is supplied with a medium 
; v separately,, wherein the second treatment comprises capture of substances in the analyte to 
the medium. 

36. A method according to claim 35, characterised in that the external container is a basin in 
which the combined sample treatment and sample carrier device is submerged to transfer 

. die sample. 



37. A method according to any one of claims 33 to 36, characterised in that the second 
. ; . treatment comprises washing, wherein a washing solution is drawn through the combined 
sample treatment and sample carrier 



3 8. A method according to any one of claims 33 to 37, characterised in that die second 
. / treatment comprises elution, wherein an dution solution is drawn through die combined 
sample treatment and sample carrier device. 



39. A method according to any one of claims 33 to 38, characterised in that the second 
treatment comprises transferring the sample to an analysis zone on die combined sample 



it and sample carrier device. 



*'** • • 

40. A method according to any one of claims 33 to 39, characterised in that the sample is 

. : dravim dirough the combined sample treatment and sample carrier device to the analysis 
zone. . 



41 . A method according to claim 39 or 40, characterised in that the sample is subjected to 
. crystallisation in the analysis zone. 



42. A method according to claim 41 , character lied in that the sample is drawn through the 
. combined sample treatment and sample carrier device to the analysis zone with a solution 
, containing a matrix for LD1, such as DHB 9 CHCA, FA, SA and THAP. 



43. A method according to any one of claims 39 to 42, characterised in that the analysis zone 
is situated on the underside, and the combined sample treatment and sample carrier device 

# * ■ * 

' is turned upside down for subjecting said plate to an analysis instrument 



44. A method according to any one of claims 33 to 38, characterised in that the 
treatment comprises elecirospraying the sample to an analysis instrument 



45. A method according to any one of claims 33 to 44, characterised in that the combined 
sample treatment and sample carrier device is placed in a suction fixture that is operated to 
aspirate fluid through the device as and when required in the respective steps. 



46. A method according to any one of claims 34 to 45, characterised in that the medium has 

* * » 

a selective affinity for various biomolecules. 



V 



47. A method according to claim 46, characterised in that the medium has hydrophilic, 
hydrophobic, cation exchange, RP, SCX, TbAAC or TEX. functionality. 

■ * . • ■ 

■ a 

48. A method according to claim 46 or 47. characterised in that the medium comprises 
: beads, particles, membranes or Bmpore disc pieces. 



4$. A method according to any one of claims 46 to 48, characterised in that the medium is 
'supplied to the combined sample treatment and carrier plate by in-situ (in-chip) 
; polymerisation, such as a medium of porous polymer monolith. 



50. A method according to any one of claims 33 to 49, characterised in that the 

> 

sample treatment and sample carrier device comprises several stacked plates. 



51. A method according to claim 50, characterised in that different media are carried by the 
it plates. 
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m 





simultaneously in the stacked plates. 
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53. A method according to claim 51 , 

: ' performed simultaneously in the stacked plates, and to the stack is disassembled for 
. : separate treatment of the plates. 

54 A method accoiding to any one of claims 33 to 53. characterised in that the combined 
: sample treatment and sample carrier device after the second treatment is subjected to 
analysis. 



■', iV: A method according to claim 54, characterised in that the analysis is optical, such as 
10 ' 'fluorescence detection, laser detection, scintillation detection or microscopy. 



15; 



analysis comprii 



spectroscopy 



» » 
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A method according to any one of claims 33 to 56, characterised in that the second 
treatment comprises treatment with reagents for aizymatic or chemical reactions. 



1 1 * 

; 58. A method according to claim 57, characterised in that the second treatment comprises 
20 i - enzymatic digestion. 

59 A method according to claim 57, characterised in that foe second treatment comprises 



25 ;:. 6o! A method according to any one of daims claim 57 to 59, characterised in that foe sample 
A r 5 • and/or reagents are supplied by means of dispensing or contact printing. 



«lIST» 



according to any one of claims 33 to 6U, cnaracnnsea m inw me B«rap« 
contains an analyte comprising biomolecules such as peptides, proteins, oligonucleotides, 
*j30 aimT>ofoes, DN A carbohydrates 



according to any ox 
container is a microtitreplate. 
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, ■ , £^ and analysed, each «»««^ 

applying an extend cootrtxr with . «mplo; optionally. *> n " *J"V. 

V I ^ ZL*. ctfrier devic* aod subjecting to «mpl. » . «ond «^—t explmtmg «<° d 
' * : ' flow*™* *e device. amedtami. d«i«. 

(Fig.' la) 
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